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@ An optical information reproducing apparatus. 

@ An optical information reproducing ap- 
paratus of the invention includes a light emit- 
ting and receiving unit and an optical system. 
The optical system converges light from the 
light emitting and receiving unit on a recording 
medium and converges the light after reflected 
by the recording medium. The light emitting 
and receiving unit includes : a semiconductor 
laser device disposed an a substrate for 
generating light ; a photo detector formed, in- 
tegrally with the substrate, on the substrate on 
which the semiconductor laser device is dis- 
posed, for outputting a signal corresponding to 
the intensity of light incident thereon ; and a 
beam splitter provided on an optical axis of the 
reflected light, the beam splitter leading part of 
the reflected light to the photo detector. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

Th present invention relates to an optical infor- 
mation reproducing apparatus for reading informa- 
tion which has been recorded on an optical storage 
medium such as an optical recording medium or a 
magnetooptical disk by irradiating the optical storage 
medium with light, and a method of manufacturing the 
same. 

2. Description of the Related Art: 

In recent years, optical storage mediums are 
widely used. Such optical storage mediums include, 
for example, an optical recording medium such as a 
CD-ROM (compact disk-read only memory) for repro- 
duction only, a write-once type optical disk, and a re- 
writable optical disk. In an optical information repro- 
ducing apparatus utilizing such an optical storage me- 
dium, various types of optical pickup are uses for 
reading Information from said optical storage me- 
dium. There has been developed a technique by 
which the size, the weight and the price of the optical 
pickup are reduced. In the developed technique, by 
using diffraction devices having diffraction gratings 
formed by holography technique, the number of com- 
ponents of an optical system in the optical pickup Is 
reduced. 

An exemplary optical pickup having diffraction 
devices is shown in Figure 10. Below the recording 
face of an optical recording medium 90 as the optical 
storage medium, a semiconductor laser device 100 is 
disposed. Light emitted from the semiconductor laser 
device 100 is incident on the optical recording me- 
dium 90 through a diffraction device 120, a diffraction 
device 130, a collimator lens 140, and an objective 
lens 150. At one side of the semiconductor laser de- 
vice 100, a light receiving device 160 which outputs 
an electric signal corresponding to the intensity of the 
received light is disposed. In the optical recording 
medium 90, information is recorded in pits along a 
track 183. 

A lens actuator (not shown) is connected to the 
objective lens 150. By the lens actuator, the objective 
lens 1 50 is moved in a focusing direction and a track- 
ing direction. The focusing direction used herein is a 
direction in which the objective lens 150 is moved to- 
ward and away from the optical recording medium 90. 
The tracking direction used herein is a direction per- 
pendicular to a direction along which the track 1 83 ex- 
tends at a position irradiated by the light. By this 
movement, the light from the objective lens 150 Is 
converged on the pit of the optical recording medium 
90. In a case where the optical recording medium 90 
is in a disk shape, th tracking direction is the radial 
direction of the optical recording medium 90. 



The diffraction device 120 has a diffraction grat- 
ing for diffracting the light emitted from the semicon- 
ductor laser device 100, whereby the emitted light is 
split into three beams. I.e., a main beam and two sub 
5 beams. The diffraction device 1 30 has two diffraction 
gratings 131 and 132 which are disposed in parallel 
along an X-X* direction parallel to the direction along 
which the track 183 of the optical recording medium 
90 extends. The diffraction gratings 131 and 132 are 
10 respectively parallel to this X-X* direction. Between 
the diffraction gratings 131 and 132, a boundary 133 
is formed which extends in a Y-Y' direction perpendic- 
ular to the direction along which the track 183 of the 
optical recording medium 90 extends. The light re- 
ts ceiving device 180 is divided into five portions 161- 
165. The portions 161 and 162 are divided by a div- 
iding line 166. 

In such an optical pickup with the above- 
mentioned construction, the laser light introduced 
20 into the diffraction device 120 from the semiconduc- 
tor laser device 100 is diffracted with the diffraction 
device 1 20. As a result, t he laser light is split into t hree 
beams, i.e., a zero-order diffracted beam as the main 
beam, plus/minus first-order diffracted beams as the 
25 sub beams. The thus obtained main beam and sub 
beams are further diffracted with the diffraction grat- 
ings 131 and 132 of the diffraction device 130. Azero- 
order diffracted beam as a main beam which is ob- 
tained by the diffraction in the respective diffraction 
30 gratings 1 31 and 1 32 is converged on the optical re- 
cording medium 90 through the collimator lens 140 
and the objective lens 1 50. 

After the light converged on the optical recording 
medium 90 is reflected from the optical recording me- 
35 dium 90, the reflected light is Introduced into the dif- 
fraction device 130 through the objective lens 150 
and the collimator lens 140. The reflected light is dif- 
fracted with the diffraction device 1 30. Diffracted light 
from the respective diffraction gratings 131 and 132 
40 Is incident onto the light receiving device 160. At this 
time, the first-order diffracted beam of the main beam 
obtained by the diffraction of the diffraction grating 
131 Is converged at the dividing line 166 and forms a 
light spot Ri. The main beam which is obtained by the 
45 diffraction of the diffraction grating 132 is converged 
on the portion 163 and forms a light spot R2. The sub 
beams which are obtained by the diffraction of the re- 
spective diffraction gratings 131 and 132 are con- 
verged at four points, i.e., two points on the portion 
50 164 and two points on the portion 165, and form light 
spots R3-R6. 

Now, a focusing error of the converged spot on 
the optical recording medium 90 is explained. In a 
case where the light from the semiconductor laser de- 
55 vice 100 is properly conv rged at an Information pit 
on the optical recording medium 90, as is shown in 
Figure 1 1 B. the light spots Ri-Re each In a perfect cir- 
cular shap are formed in the respective portions 
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161-165 and on the dividing ilne 166 of the light re- 
ceiving device 160. In a case where the distance be- 
tween the optical recording medium 90 and the objec- 
tive lens 150 is smaller than the focal length, as is 
shown in Figure 11 A, th light spots RrRe each in an 
expanded semicircular shape are formed on the re- 
spective portions 161, 163, 164, and 165 of the light 
receiving device 160. In a case where the distance 
between the optical recording medium 90 and the ob- 
jective lens 150 is larger than the focal length, as is 
shown in Figure 11C, the light spots R^-Rg each in an 
expanded and inverted semicircular shape are 
formed in the respective portions 162, 163, 164, and 
165 of the light receiving device 160. 

A tracking error at the converged spot on the opt- 
ical recording medium 90 is described with reference 
to Figures 10 and 12. The two sub beams are con- 
verged at positions which are symmetrical with re- 
spect to the main beam as a point of symmetry and 
which are displaced slightly in the Y-Y' direction and 
displaced somewhat more in the X-X' direction from 
the converged spot of the main beam. In a case where 
the main beam is properly converged on the track 183 
in which the information pits are arranged on the opt- 
ical recording medium 90, as is shown in Figure 12B, 
the two sub beams at converged spots 181 and 182 
are respectively incident on the track 183 in the same 
area. Therefore, the reflective Intensities of the re- 
flected beams from the optical recording medium 90 
by the converged spots 181 and 182 are equal to each 
other. On the contrary. In a case where the con- 
verged spot 180 of the main beam In displaced with 
respect to the information pit of the optical recording 
medium 90 In the tracking direction, as is shown in 
Figure 12A or 12C, the two sub beams at the con- 
verged spots 1 81 and 1 82 are respectively incident on 
the track 183 in different areas. Therefore, the reflec- 
tive intensities of the reflected beams of the two sub 
beams from the optical recording medium 90 are dif- 
ferent from each other. . 

From the portions 161-165 of the light receiving 
device 1 60 on which the light spots R^Re are formed, 
signals S^-Ss corresponding to the intensities of the 
received beams are output, respectively. Based on 
the signals S1-S5, calculations are performed be- 
tween the signals by an electronic circuit element (not 
shown). Specifically, based on a difference - S2 be- 
tween the signals Si and S2, a focusing error signal 
FES is calculated. Based on a difference S4 - 85 be- 
tween the signals S4 and S5, a tracking error signal 
TES is calculated. Based on the sum S^ + S2 + S3 of 
the signals S^ S2, and S3, an information signal RF 
is calculated. 

In order to ensure that the recording and the re- 
production of Information are accurately performed, 
based on the focusing error signal FES and the track- 
ing error signal TES. the obj ctivel ns 150 is moved 
and the position thereof is adjusted by the lens actua- 



tor in both the focusing direction and the tracking di- 
rection. By this positioning, the emitted light from th 
semiconductor laser device 100 is accurately con- 
verged on the Information pits of the optical recording 
5 medium 90. 

In the optical pickup having the construction 
shown in Figure 1 0. as is shown in Figure 13. the sem- 
iconductor laser device 100 and the light receiving de- 
vice 160 are mounted at predetermined positions in 
10 a can package 185. In this situation, the can package 
185 is alrtightly sealed. To the upper surface of the 
can package 185, a transparent glass plate 186 is ad- 
hered. On the lower face of the glass plate 186, the 
first diffraction device 120 Is formed by etching. On 

15 the upper face of the glass plate 186. the second dif- 
fraction device 130 is formed by etching. On the bot- 
tom face toward the inside of the can package 185, 
as is shown in Figure 14, a stem 187 is provided. At 
one side of the stem 187, the semiconductor laser de- 

20 vice 100 is mounted. On the upper face of the stem 
1 87. the light receiving device 1 60 Is mounted. On the 
bottom face of the can package 185, a photo detector 
188 for monitoring optical power which detects the 
power level of the laser light from the semiconductor 

25 laser device 100 is provided adjacently to the stem 

187. Based on the output from the photo detector 

188, the semiconductor laser device 100 is controlled 
so as to provide a constant output. 

In the above-mentioned conventional optical 
30 pickup, the semiconductor laser device 100 and the 
light receiving device 160 are separately and Inde- 
pendently fabricated, and then the semiconductor 
laser device 100 and the light receiving device 160 
are fixed on the different faces of the stem 187. Ac- 
35 cordingly, it is difficult to match the positions of the 
semiconductor laser device 100 and the light receiv- 
ing device 160 with high accuracy, and the relative 
positions thereof are likely to be shifted. Specifically, 
it is very difficult to suppress the error in the height 
40 direction to several tens of micrometers or smaller. In 
a control signal such as the focusing error signal FES 
and the tracking error signal TES. an offset compo- 
nent caused by the errors in the height direction of 
both the devices can be eliminated by positioning the 
45 diffraction device 130. However, If the offset compo- 
nent is too large, some improper conditions occur 
such as that the waveform of the control signal is dis- 
torted by the positioning. Since the semiconductor 
laser device 100 and the light receiving device 160 
50 are provided on the separate faces of the stem 187, 
the can package 185 cannot be made thinner. This 
prevents the optical pickup from being reduced in 
size. 

The electronic circuit element for calculating the 
55 output signal from the photo detector 188 is usually 
provided on a wiring board which Is different from the 
wiring board on which the optical pickup is provided. 
In this case, for example, the signal frequency of a re- 
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produced Information signal from a compact disk is in 
the vicinity of 1 MHz, and tlie signal frequency of a re- 
produced information signal from a laser disk is in th 
vicinity of 2 MHz. That is, the reproduced information 
signal is a high-firequ ncy signal, which m ans that s 
the reproduced information signal may easily include 
noise. Therefore, it Is necessary to take sufficient 
care in designing the wirings. 

In the conventional optical pickup, the semicon- 
ductor laser device 100 and the light receiving device io 
160 are separately and independently fabricated, and 
then attached onto the same stem 187. Therefore, a 
registration error of about several tens of micrometers 
occurs between the semiconductor laser device 100 
and the light receiving device 160. Accordingly, it is i5 
necessary to compensate an offset component in a 
control signal caused by the registration error, by ad- 
justing the position of the diffraction device 130. In 
the processfor adjusting the position of the diffraction 
device 130, it is necessary to actually reproduce the 20 
information from the optical recording medium 90. 
Moreover, the offset amounts vary depending on the 
employed optical pickups. Therefore, the assembling 
process in manufacturing the optical pickup is compli- 
cated, which prevents the optical pickup from being 25 
produced at lower cost and from having a higher qual- 
ity. 

Moreover, in the conventional optical pickup, 
since the semiconductor laser device 100 is mounted 
on the side face of the square stem 187, the can pack- 30 
age 185 is large In size, which prevents the optical 
pickup from being reduced in size. 

SUMMARY OF THE INVENTION 

35 

The optical information reproducing apparatus of 
this invention includes a light emitting and receiving 
unit and an optical system, wherein the optical system 
converges light from the light emitting and receiving 
unit on a recording medium and converges the light 40 
after reflected by the recording medium, and wherein 
the light emitting and receiving unit Includes: light 
generating means disposed on a substrate for gener- 
ating the light; photo detecting means formed, inte- 
grally with the substrate, on the substrate on which 45 
the light generating means is disposed, for outputting 
a signal corresponding to the intensity of light incident 
thereon; and beam splitting means provided on an 
optical axis of the reflected light, the beam splitting 
means leading part of the reflected light to the photo 50 
detecting means. 

According to another aspect of the present inven- 
tion, a method of manufacturing an optical Informa- 
tion reproducing apparatus is provid d. The method 
includes the st ps of: (A) monolithically forming, on 55 
a semiconductor substrate, a plurality of light gener- 
ating means for gen rating light and a plurality of pho- 
to d tecting m ans ach for outputting a signal cor- 



responding to the intensity of light incident thereon, 
the plurality of photo detecting means being disposed 
adjacently to the plurality of the light generating 
means; (B) mounting, on the semiconductor sub- 
strate, a light diffraction member including a plurality 
of light diffraction devices formed therein by which 
the light generated from the plurality of light generat- 
ing means is diffracted and emitted, and by which the 
incident light is diffracted to illuminate the plurality of 
photo detecting means, respectively; and (C) adjust- 
ing intervals between the plurality of light diffraction 
devices and the plurality of light generating means, 
and intervals between the plurality of light diffraction 
devices and the plurality of photo detecting means, by 
moving the light diffraction member, respectively. 

Alternatively, a method of manufacturing an opt- 
ical information reproducing apparatus of the present 
invention includes the steps of: (A) monolithically 
forming, on a semiconductor substrate, a plurality of 
photo detecting means for outputting a signal corre- 
sponding to the intensity of light incident thereon; (B) 
providing, on the semiconductor substrate, a plurality 
of light generating means for generating light, the 
plurality of light generating means is disposed adja- 
cently to the plurality of photo detecting means, re- 
spectively; (C) mounting, on the semiconductor sub- 
strate, a light diffraction member including a plurality 
of light diffraction devices formed therein by which 
the light generated from the plurality of light generat- 
ing means are diffracted and emitted, and by which 
the incident light is diffracted to illuminate the plurality 
of photo detecting means, respectively; and (D) ad- 
justing intervals between the plurality of light diffrac- 
tion devices and the plurality of light generating 
means, and Intervals between the plurality of light dif- 
fraction devices and the plurality of photo detecting 
means, by moving the light diffraction member, re- 
spectively. 

In the optical information reproducing apparatus 
and the method for manufacturing the same accord- 
ing to the invention, the light from the light generating 
means is converged on the recording medium. The 
light reflected from the recording medium is con- 
verged on the photo detecting means through the 
optical system and the light splitting means. In the 
optical information reproducing apparatus of the in- 
vention, since the photo detecting means and the 
light generating means are fabricated on one and the 
same substrate integrally with the substrate, the shift 
in relative positions of the means is very small and 
can be suppressed to several micrometers. There- 
fore, the offset component which is caused in the 
control signal is remarkably suppressed as com- 
pared with the prior art, so that the positioning of the 
light diffraction member is not required. Even when 
the positioning is performed, it is necessary to mon- 
itor only a signal output from a single light emitting and 
receiving unit among a number of light emitting and 
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receiving units fabricated on the substrate, so as to si- 
multaneously adjust the distances between the light 
diffraction devices and ail the light emitting and re- 
ceiving units on the substrate. Therefore, the produc- 
tivity of the optical Information r producing apparatus 
is improved, and th _ cost thereof is lowered while the 
high quality thereof is achieved. 

Thus, the invention described herein makes pos- 
sible the advantages of (1) providing a small-sized 
and light-weight optical information reproducing ap- 
paratus with high reliability in its information repro- 
ducing operation, and (2) providing a manufacturing 
method for such an optical information reproducing 
apparatus in which the registration between devices 
is easily performed and which can attain an Improved 
production efficiency. 

These and other advantages of the present In- 
vention will become apparent to those skilled in the 
art upon reading and understanding the following de- 
tailed description with reference to the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view showing an optical 
pickup in an optical information reproducing appara- 
tus of one example according to the present Inven- 
tion. 

Figure 2 is an enlarged perspective view of a light 
emitting and receiving unit in the example. 

Figure 3 is an enlarged cross-sectional view of 
the light emitting and receiving unit in the example. 

Figure 4 is a partial cross-sectional view of a sem- 
iconductor integrated chip in the example. 

Figure 5 is a partial cross-sectional view of an- 
other semiconductor integrated chip in the example. 

Figures 6A through 6D are perspective views il- 
lustrating an exemplary process for fabricating the 
light emitting and receiving unit according to the pres- 
ent invention. 

Figure 7 is a perspective view showing a light 
emitting and receiving unit in an optical pickup of a 
second example according to the present invention. 

Figure 8 Is a perspective view showing the whole 
construction of the optical pickup in the second exam- 
ple. 

Figure 9 Is a vertical cross-sectional view of the 
light emitting and receiving unit. 

Figure 10 is a perspective view showing the con- 
struction of a conventional optical pickup. 

Figures 11A to 11C are plan views showing the 
states of converged light spots on light receiving de- 
vices, respectively. 

Figure 12A to 12C are plan views showing the 
states of light spots,for tracks of an optical recording 
medium, respectively. 

Figure 13 is a perspective view showing the con- 
struction of a conventional optical pickup. 



Figure 14 is a perspectiv view showing a can 
package in the conventional optical pickup. 

DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

Hereinafter, a first example of the present inven- 
tion will be described. 

Figure 1 shows the first example in which the opt- 
to leal information reproducing apparatus of the present 
invention is applied to an optical pickup. 

The optical pickup is provided with a light emitting 
and receiving unit 16 and an optical system PS. The 
light emitting -and receiving unit 16 includes a semi- 
15 conductor laser device 1 as light emitting means, and 
a photo detector 7 for detecting reflected light LL. The 
optical system PS includes a collimator lens 4 and an 
objective lens 5 for converging the light from the sem- 
iconductor laser device 1 on an optical recording me- 
20 dium (for example, an optical disk), and for converg- 
ing the reflected light LL from the optical recording 
medium 6. 

The specific construction of the light emitting and 
receiving unit 1 6 is shown in Figures 2 and 3. The light 

25 emitting and receiving unit 16 includes a ceramic sub- 
strate 10. On the ceramic substrate 10, a semicon- 
ductor integrated chip 13 and a holographic optical 
element 9 are attached. As to the semiconductor in- 
tegrated chip 13, on the same semiconductor inte- 

30 grated chip 13, the semiconductor laser device 1 and 
the photo detector 7 are formed. 

Between the semiconductor laser device 1 and 
the photo detector 7, a 45^ mirror 15 is disposed. The 
45° mirror 1 5 reflects the emitted light IL emitted from 

35 the semiconductor laser device 1 in a direction per- 
pendicular to the surface of the semiconductor inte- 
grated chip 1 3. A first diffraction device 2 is disposed 
on a lower face of the holographic optical element 9. 
The first diffraction device 2 divides the emitted light 

40 IL emitted from the semiconductor laser device 1 into 
a zero-order diffracted beam (a main beam) and 
plus/minus first-order diffracted beams (sub beams) 
for detecting the tracking shift. At one side of the sem- 
iconductor laser device 1 , the side being opposite to 

45 the side of the semiconductor laser device 1 on which 
the 45** mirror 15 is disposed, an optical power mon- 
itoring photo detector 14 for sensing the optical power 
of the output of the semiconductor laser device 1 is 
disposed. At the same side of the semiconductor las- 
so er device 1 , a signal processing circuit 1 7 for perform- 
ing amplification and operation for an electric signal 
from the photo detector 7 is disposed around the pho- 
to detector 7. 

The semiconductor integrated chip 13 is mono- 
55 lithically formed using a fabrication technique which 
is used, for example, for fabricating an IC (an integrat- 
d circuit) on an AlGaAs substrate. A groove for sep- 
arating the semiconductor laser device 1 from the 



5 



9 



EP 0 555 097 A1 



10 



optical pow r monitoring photo detector 14 and the 
45** mirror 1 5 are formed, for example, by wet etching. 
In a semiconductor crystal, by changing the used 
etchant, an etched face which Is normal to a desired 
crystal orientation can be formed, and the 45° mirror 
with extremely high accuracy In an angle with respect 
to the optical axis of the laser light from the semicon- 
ductor laser device 1 and the flatness can be fabricat- 
ed. 

The holographic optical element 9 is formed into 
a rectangular parallelepiped shape using a glass sub- 
strate. On the upper face of the holographic optical 
element 9, a second diffraction device 3 as light split- 
ting means for diffracting the reflected light LL from 
the recording medium 6 to lead the diffracted light to 
the photo detector 7 is formed. On the lower face of 
the holographic optical element 9, the first diffraction 
device 2 Is formed. These diffraction devices 2 and 3 
are formed by dry etching, respectively. The holo- 
graphic optical element 9 and the semiconductor in- 
tegrated chip 13 are adhered with adhesive 22. By ap- 
plying the adhesive 22 so as to airtightly seal any gap 
between the holographic optical element 9 and the 
semiconductor integrated chip 13, it is unnecessary 
to perform the airtight sealing using the conventional 
can package described above. This construction is an 
example of the present Invention. 

The holographic optical element 9 and the semi- 
conductor Integrated chip 13 are fabricated by the IC 
fabricating technique as described above. According- 
ly, in the case where the surface area of the light emit- 
ting and receiving unit 16 is 5.5 mm^ about 180 light 
emitting and receiving units 16 are simultaneously 
fabricated on the semiconductor substrate having a 
diameter of 3 inches. Moreover, when the semicon- 
ductor integrated chip 13 Is provided with a through 
hole, an electrical connection to the semiconductor 
laser device 1, the photo detector 7 and the signal 
processing circuit 1 7 on the semiconductor integrated 
chip 1 3 can be realized from the back face of the sem- 
iconductor integrated chip 13, i.e., the lower face of 
the semiconductor Integrated chip 1 3 shown In Figure 
3. 

Figures 4 and 5 show partial cross-sectional 
views of the semiconductor Integrated chip 13, and 
show the specific construction of the monitoring pho- 
to detector 14. In the construction shown in Figure 4, 
the monitoring photo detector 14 is formed at the 
same time as the formation of the semiconductor las- 
er device 1. Thereafter, a groove 13a is formed in the 
semiconductor Integrated chip 13 by etching. By this 
groove 13a, the semiconductor laser device 1 and the 
monitoring photo detector 14 are separated from each 
other. In the semiconductor integrated chip 13 having 
th above construction, the effective part of the mon- 
itoring photo detector 14 related to the photo-electric 
conversion corresponds to an active layer 19 of th 
semiconductor laser devic 1 (the length measured 



vertically in Figure 4 is 2 to 3 ^m). An advantage of 
this construction is In that the working process is sim- 
ple. 

The structure shown in Figure 8 is a modified ex- 
5 ample of the semiconductor integrated chip 1 3 shown 
in Figure 4. In this construction, after the semicon- 
ductor laser device 1 is fabricated, the groove 1 3a is 
formed by etching or another method. Thereafter, the 
monitoring photo detector 14 is formed by obliquely 
10 Implanting Ions from the upper right of Figure 5 with 
respect to the normal face of the groove 13a. The 
monitoring photo detector 14 makes an almost right 
angle with the optical axis of the laser light from the 
semiconductor laser device 1. When the above con- 
15 struction Is adopted, the laser light generated from 
the semiconductor laser device 1 can be all received 
by the monitoring photo detector 14. Therefore, the 
photoelectric conversion efficiency of the monitoring 
photo detector 14 is improved as compared with the 
20. construction shown in Figure 4. . . 

In the optical pickup of this example, information 
is reproduced in the following manner. The emitted 
light IL from the semiconductor laser device 1 is re- 
flected by the 45° mirror 1 5 and directed in a direction 
25 which is normal to the semiconductor integrated chip 
13, i.e., the upward direction of Figure 3. Then, the 
light is diffracted with the first diffraction device 2, so 
that the light is split into the zero-order diffracted 
beam (the main beam) and the plus/minus first-order 
30 diffracted beams (the sub beams) for detecting the 
tracking error and the focusing error. The respective 
diffracted beams pass through the second diffraction 
device 3, and then are converged on the optical disk 
8 by the collimator lens 4 and the objective lens 5. 
35 The reflected light LL from the optical disk 6 is 

taken into the optical system PS by the objective lens 
5. Then, the light passes through the collimator lens 
4 and is diffracted by the second diffraction device 3 
and converged on the photo detector 7. 
40 The second diffraction device 3 is divided into 

two diffraction gratings 3a and 3b by a dividing line 
DL. The photo detector 7 is divided into five portions 
by four dividing lines. The divided five portions corre- 
spond to five photo detective portions 7a, 7b, 7c, 7d 
45 and 7e. As in the photo detecting operation in the con- 
ventional optical pickup, the focusing error signal 
FES, the tracking error signal TES and an information 
signal RF are obtained based on the intensities of the 
diffracted beams incident on the photo detecting por- 
50 tions 7a to 7 e. 

In the optical pickup of this example, the semi- 
conductor laser device 1 as the light generating 
means and the photo detector 7 are monolith ically 
fabricated on the semiconductor int grated chip 13. 
55 Therefore, relative registration accuracy which is the 
same as the photo mask registration accuracy (about 
±1 ^m) can be obtained. Even In view of the occur- 
rence of a plurality of errors In several working proc- 
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esses the relative positional shift of the semiconduc- 
tor laser device 1 and the photo detector 7 can be sup- 
pressed to several micrometers or lower. The value of 
the relative registration can be reduc d to about one- 
tenth as compared with the conventional example in 
which the two devices are not fabricated on the same 
substrate. The offset component of the focusing error 
signal FES is caused by the relative positional shift of 
the semiconductor laser device 1 and the photo de- 
tector 7 in the assembling process. Therefore, when 
the positional shift is suppressed to one-tenth of the 
conventional example, the offset amount can be 
about 1 )im, whereby the offset compensation can be 
omitted in the optical pickup according to the present 
Invention. 

When restrict requirements for the focusing error 
signal FES exist, and the compensation for the focus- 
ing error signal FES is performed by adjusting the 
position of the second diffraction device 3, for exam- 
ple, only a reproduction signal from a single element 
among a plurality of light emitting and receiving units 
1 6 which are fabricated on a 3-inch substrate is moni- 
tored to adjust the positions of all the elements on the 
substrate, whereby the positioning process can be 
greatly shortened. 

Figures 6A through 6D show an example of a 
method of fabricating the light emitting and receiving 
unit 16 according to the present invention. In this 
method, as is first shown in Figure 6A, the adhesive 
22 Is applied on a semiconductor substrate 20 on 
which a plurality of semiconductor integrated chips 13 
are formed. As is shown in Figure 6B, a glass sub- 
strate 21 on which a plurality of holographic optical 
elements 9 are formed is superimposed on the sem- 
iconductor substrate 20 and joined together. As the 
adhesive 22, an adhesive of a type which will not be 
immediately cured, for example, an adhesive of a ul- 
traviolet cured type is used. 

Next, by moving the entire glass substrate 21 , the 
position of the second diffraction device 3 is adjusted. 
At this time, since the working error is uniform in the 
single glass substrate 21, by moving the entire glass 
substrate 21 , the position of the second diffraction de- 
vice 3 is adjusted while monitoring the reproduction 
signal from a single light emitting and receiving unit 
16. As a result of the adjustment, the position of the 
second diffraction device 3 can be simultaneously ad- 
justed with respect to all the light emitting and receiv- 
ing units 16. 

After performing the positioning, as is shown in 
Figure 6C, the adhesive 22 is cured by the irradiation 
of the ultraviolet rays 23 or the like. In the final step, 
as is shown in Figure 6D, the respective light emitting 
and receiving units 16 are cutout. On a semiconduc- 
tor having a diameter of 3 inches, about 1 80 light emit- 
ting and receiving units 16 can be fabricated, whereby 
the time period for positioning per one unit can be re- 
markably shortened. 



In other words, since various working errors oc- 
cur uniformly in a single substrate, the glass sub- 
strate 21 on which the holographic optical elements 
9 are attached is moved as a whole, by monitoring the 

5 reproduction signal from a single light emitting and re- 
ceiving unit 16. so that the position of the second dif- 
fraction device 3 is adjusted. Then, the light emitting 
and receiving units 16 on the semiconductor sub- 
strate 20 are cut out after the glass substrate 2 1 is ad- 

10 hered to the semiconductor substrate 20 with adhe- 
sive 22. As described above, 1 80 light emitting and re- 
ceiving units 1 6 can be fabricated in the semiconduc- 
tor substrate 20 having a diameter of 3 inches, so that 
the time required for positioning per one unit can be 

15 greatly shortened. 

A second example of an optical pickup in an opt- 
ical information reproducing apparatus of the inven- 
tion will be described below. The optical pickup of this 
example is similar to the optical pickup of the first ex- 

20 ample, so that the same components are indicated by 
the same reference numerals. The optical pickup of 
this example, as is shown in Figure 8, includes an ob- 
jective lens 5 which is disposed below an optical re- 
cording medium such as an optical disk 6, and a light 

25 emitting and receiving unit 16 for emitting light to the 
objective lens 5 via a reflective mirror 30 which is dis- 
posed below the objective lens 5. The light emitted 
from the light emitting and receiving unit 16 is reflect- 
ed by the reflective mirror 30. The reflected light is in- 

30 cident on a recording face of the optical disk 6 in a 
proper focal condition by the objective lens 5; The 
light incident on the recording face of the optical disk 
6 is reflected by the recording face. The reflected light 
goes back along the same path as in the emitted light 

35 from the light emitting and receiving unit 16 and 
reaches the light emitting and receiving unit 16. 

The light emitting and receiving unit 16, as is 
shown in Figure 7, includes a ceramic substrate 10 
having a long plate shape, a semiconductor integrat- 

40 ed chip 1 3 which is provided on the ceramic substrate 
1 0, a metal cover 32 which has an opening 32a for ex- 
posing the upper face of the semiconductor integrat- 
ed chip 13 so as to cover a peripheral portion of the 
semiconductor integrated chip 13, and a holographic 

45 optical element 9 made of a transparent glass sub- 
strate which is mounted on the cover 32. 

In the semiconductor integrated chip 13. a semi- 
conductor laser device 1, a photo detector 7, a signal 
processing circuit 17 and the like are disposed on a 

50 silicon (Si) substrate 36 which is mounted on the cer- 
amic substrate 10. The silicon substrate 36 has the 
same long plate shape as that of the ceramic sub- 
strate 10. As is shown in Figure 9, in the middle por- 
tion of th silicon substrate 36 along the long axis in 

55 the direction along the longer side of the silicon sub- 
strate 36, a recessed portion 34 which extends along 
the long axis is formed. In the recessed portion 34. 
the semiconductor laser d vie 1 is located along the 
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recessed portion 34 as the light source. The semicon- 
ductor laser device 1 emits laser light from the respec- 
tive end faces in the direction along the longer sid . 
One laser light emitting face 40a of the semiconductor 
laser device 1 is positioned in the vicinity of the center 
of the silicon substrate 36. The inside face of the re- 
cessed portion 34 which faces the emitting face 40a 
functions as a 45** mirror 15 for reflecting the laser 
light from the semiconductor laser device 1 to the ho- 
lographic optical element 9. Also, in the recessed por- 
tion 34, a photo detector 14 is located in such a man- 
ner that the photo detector 14 faces the other laser 
light emitting face 40b of the semiconductor laser de- 
vice 1. The photo detector 14 detects the intensity of 
the laser light in order to maintain the intensity of the 
laser light emitted from the semiconductor laser de- 
vice 1 constant. 

On the upper surface of the semiconductor inte- 
grated chip 13 which has continuity with the 45° mir- 
ror 1 5, the photo detector 7 and the signal processing 
circuit 17 are monolith ically provided to the silicon 
substrate 36. The photo detector 7 detects the inten- 
sityof the laser light reflected by theoptical disk6and 
outputs an electric signal corresponding to the detect- 
ed intensity of the laser light. The signal processing 
circuit 17 performs amplification, wave shaping for 
the electric signal from the photo detector 7. 

The recessed portion 34 of the semiconductor in- 
tegrated chip 1 3 is formed by applying a known IC fab- 
rication technique, for example, by wet-etching the 
silicon substrate 36. By appropriately selecting the 
kind of etchant used for the wet etching, an etched 
face normal to a desired crystal orientation can be 
formed. As a result, the 45° mirror 15 can be formed 
with high accuracy as to its angle. The semiconductor 
laser device 1 can be alternatively fabricated by any 
one of the following methods. In accordance with a 
first method, after the semiconductor laser device 1 
is fabricated using a GaAIAs substrate independently 
of the silicon substrate 36, the semiconductor laser 
device 1 is mounted In the recessed portion 34 of the 
silicon substrate 36. In accordance with a second 
method, the semiconductor laser device 1 is fabricat- 
ed by growing a GaAIAs layer Including an active layer 
in the recessed portion 34 of the silicon substrate 36 
using a heteroepitaxial growth method. 

The registration of the semiconductor laser de- 
vice 1 and the photo detector 7 Is performed in the fol- 
lowing manner. A marker for registration is formed on 
the semiconductor laser device 1, for example, from 
a resist layer or the like. While recognizing the marker 
by an image recognition method, the photo detector 
7 is fabricated. As a result, the registration of semi- 
conductor laser device 1 and the photo detector 7 is 
performed with the accuracy of ± several microme- 
ters. 

The s miconductor integrated chip 1 3 is mounted 
on the ceramic substrat 10 and prot cted by cover- 



ing the peripheral portion of the s miconductor inte- 
grated chip 13 with the metal cover 32. 

The holographic optical element 9 provided on 
the semiconductor integrat d chip 13 is configured 
5 using the transparent glass substrate 21, and faces 
the upper face of the semiconductor integrated chip 
1 3 via t he open ing 32a of t he cover 32. The glass sub- 
strate 21 which constitutes the holographic optical 
element 9 has a lower face. I.e., the face opposite to 

10 the semiconductor integrated chip 13. On the lower 
face of the glass substrate 21. the rectangular first 
diffraction device 2 Is provided on which the laser light 
reflected by the 45** mirror 15 is incident. The first dif- 
fraction device 2 splits the laser light emitted from the 

15 semiconductor laser device 1 and reflected by the 45° 
mirror 15 into a zero-order diffracted beam as a main 
beam used for Information reading, and plus/minus 
first-order diffracted beams as sub beams for detect- 
ing the tracking error. 

20 On the upper face of the holographic optical ele- 

ment 9, the second diffraction device 3 having a sub- 
stantially circle shape is provided. On the second dif- 
fraction device 3, the laser light which is split into the 
zero-order diffracted beam and the plus/minus first- 

25 order diffracted beams is incident. The second dif- 
fraction device 3 is divided into two diffraction grat- 
ings 3a and 3b having substantially the same area. 
The laser light which illuminates the second diffrac- 
tion device 3 in turn illuminates the optical disk 6 

30 through the respective diffraction gratings 3a and 3b. 
The laser light reflected by the optical disk 6 is dif- 
fracted by the respective diffraction gratings 3a and 
3b and the diffracted light Is incident on the photo de- 
tector 7 which is provided on the semiconductor inte- 

35 grated chip 13. 

The first diffraction device 2 and the second dif- 
fraction device 3 of the holographic optical element 9 
is formed, for example, by dry-etching the upper and 
lower feces of the glass substrate 21 which consti- 

40 tutes the holographic optical element 9. The thus 
formed holographic optical element 9 is adhered on 
the cover 32 for protecting the semiconductor inte- 
grated chip 13 after adjusting the position with re- 
spect to the semiconductor integrated chip 13, in or- 

45 der to compensate the offset amount of the control 
signal obtained based on the intensities of the dif- 
fracted beams of the laser light reflected by the opti- 
cal disk 6. 

In the optical pickup having the above- 
50 mentioned construction, the laser light emitted from 
the semiconductor laser device 1 is reflected by the 
45° mirror 15 in a normal direction perpendicular to 
the semiconductor integrated chip 13. The light re- 
flected by the 45° mirror 1 5 is split into the zero-order 
55 diffracted beam as the main beam and the plus/minus 
first-order diffracted beams as the sub beams for de- 
tecting the tracking error by the first diffraction device 
2 of the holographic optical el ment 9. 
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The diffracted tight passes through the glass sub- 
strate 21. and through the second diffraction device 
3 provided on the upper face of the glass substrate 
21 , and is then reflected by the reflective mirror 30 to- 
ward the objective lens 5. The diffracted light through 
the objective lens 5 is converged on the recording 
face of the optical disk 6 by the objective lens 5. The 
converged light are reflected by the recording face. 

The reflected light from the optical disk 6 passes 
through the objective lens 5 and is reflected by the re- 
flective mirror 30. The reflected light is introduced into 
the second diffraction device 3 of the light emitting 
and receiving unit 16. The zero-order diffracted beam 
and the plus/minus first-order diffracted beams which 
are reflected by the optical disk 6 and introduced into 
the second diffraction device 3 are diffracted in the 
diffraction gratings 3a and 3b of the second diffrac- 
tion device 3, respectively. The diffracted light is inci- 
dent on the photo detector 7. 

The photo detector 7, as is described above, is 
divided into five portions corresponding to the five 
photo detective portions 7a, 7b, 7c, d, and 7e. As In 
the photo detecting operation In the conventional opt- 
ical pickup, the focusing error signal FES, the track- 
ing error signal TES, and the information signal RF 
are obtained based on the optical intensities of the 
diffracted beams which are incident on the respective 
photo detective portions 7a-7e. 

In the optical pickup of this example, as descri- 
bed above, the semiconductor laser device 1 is direct- 
ly mounted in the recessed portion 34 of the semicon- 
ductor integrated chip 13 on which the photo detector 
7 is provided. The semiconductor laser device 1 is 
mounted by adjusting the position thereof with re- 
spect to the semiconductor integrated chip 13 using 
the image recognition method. As a result, the regis- 
tration error between the semiconductor laser device 
1 and the photo detector 7 is reduced within ± several 
micrometers which is about one-tenth as compared 
with the prior art. Therefore, the offset amount of the 
control signal caused by the registration error of the 
semiconductor laser device 1 can be sufficiently re- 
duced. 

As a result, for a certain offset amount, the pos- 
itioning of the holographic optical element 9 is not re- 
quired. Alternatively, even if the positioning of the ho- 
lographic optical element 9 is required, the distortion 
of the detected control signal is reduced In the case 
where the position of the holographic optical element 
9 is adjusted in order to compensate the offset 
amount of the control signal. In the case where the 
position of the holographic optical element 9 Is re- 
quired to be adjusted, only the reproduction signal 
from a single light emitting and receiving unit 16 
among a plurality of light emitting and receiving units 
16 fabricated on the semiconductor substrate 20 
shown in Figures 6A to 6D is monitored. Therefore, 
the positioning with respect to all the light mitting 



and receiving units 16 on the semiconductor sub- 
strate 20 can be simultaneously performed. As a re- 
sult, the mass productivity of the optical pickup of this 
example is improved and the cost thereof is lowered 

5 while the high quality thereof can be attained. 

In the optical pickup of this example, as descri- 
bed above, the laser light emitted from the semicon- 
ductor laser device 1 which is provided on the re- 
cessed portion 34 of the semiconductor integrated 

10 chip 13 illuminates the optical disk 6 via the optical 
system PS. The laser light reflected by the optica! 
disk 6 is received by the photo detector 7 which is in- 
tegrally formed on the semiconductor Integrated chip 
13 via the optical system PS. By constructing the opt- 

15 ical pickup as describe above, the optical pickup is re- 
duced in size and weight as a whole. Moreover, the 
registration between the semiconductor laser device 
1 and the photo detector 7 can readily be performed. 
Various other modifications will be apparent to 

20 and can be readily made by those skilled in the art 
without departing from the scope and spirit of this In- 
vention. Accordingly, it Is not intended that the scope 
of the claims appended hereto be limited to the de- 
scription as set forth herein, but rat her that the claims 

25 be broadly construed. 



Claims 

30 1. An optical information reproducing apparatus 
comprising a light emitting and receiving unit and 
an optical system, 

wherein said optical system converges 
light firom said light emitting and receiving unit on 
35 a recording medium and converges said light af- 

ter reflected by said recording medium, and 

wherein said light emitting and receiving 
unit includes: 

light generating means disposed on a sut»- 
40 strate for generating said light; 

photo detecting means formed, integrally 
with said substrate, on said substrate on which 
said light generating means is disposed, for out- 
putting a signal corresponding to the intensity of 
45 light Incident thereon; and 

beam splitting means provided on an opt- 
ical axis of said reflected light, said beam splitting 
means leading part of said reflected light to said 
photo detecting means. 

50 

2. An optical information reproducing apparatus ac- 
cording to claim 1. wherein said light generating 
means is disposed Integrally with said substrate. 

55 3. An optical information reproducing apparatus ac- 
cording to claim 1 . wherein said optical informa- 
tion reproducing apparatus Includes a signal 
processing circuit for processing said signal out- 
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put from said photo detecting means, said signai 
processing circuit being fabricated integrally with 
said light generating means and said photo de- 
tecting means on said substrate. 

5 

4. An optical information reproducing apparatus ac- 
cording to claim 1, wherein said optical informa- 
tion reproducing apparatus includes a light inten- 
sity sensing means for receiving part of said light 
from said light generating means to sense the in- io 
tensity of said light from said light generating 
means, said light intensity sensing means being 
fabricated integrally with said light generating 
means and said photo detecting means on said 
substrate. is 

5. An optical information reproducing apparatus ac- 
cording to claim 1, wherein said substrate is a 
semiconductor substrate. 



6. An optical information reproducing apparatus ac- 
cording to claim 5, wherein said semiconductor 
substrate is made of a material selected from Si 
and AIGaAs. 



10. An optical information reproducing apparatus ac- 
cording to claim 8, wherein said substrate is inte- 
grally provided with a signal processing circuit for 
receiving said signal output from said photo de- 
tecting means. 

11. An optical information reproducing apparatus ac- 
cording to claim 8, wherein said substrate has 
light intensity sensing means for receiving part of 
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7. An optical information reproducing apparatus ac- 
cording to claim 1, wherein said optical informa- 
tion reproducing apparatus Includes reflecting 
means for reflecting said light from said light gen- 
erating means in a direction perpendicular to a 3o 
surface of said substrate. 

8. An optical Information reproducing apparatus ac- 
cording to claim 1, wherein said substrate has a 
recessed portion and said light generating means 35 
is disposed in said recessed portion of said sub- 
strate. 

9. An optical information reproducing apparatus ac- 
cording to claim 8, wherein said light generating 40 
means is located in said recessed portion of said 
substrate at a position for emitting said light to- 
ward the inner face of said recessed portion of 
said substrate, said inner face of said recessed 
portion to which said light is emitted being formed 45 
as a reflective face for reflecting said light at a 
predetermined reflective angle with respect to a 
direction in which said light radiates. 
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said light from said light generating means to 
sense the intensity of said light from said light 
generating m ans, said light intensity sensing 
means being integrally fabricated on said sub- 
strat . 

12. A method of manufacturing an optical information 
reproducing apparatus, said method comprising 
the steps of: 

(A) monolithically forming, on a semiconduc- 
tor substrate, a plurality of light generating 
means for generating light and a plurality of 
photo detecting means each for outputting a 
signal corresponding to the intensity of light 
incident thereon, said plurality of photo de- 
tecting means being disposed adjacently to 
said plurality of said light generating means; 

(B) mounting, on said semiconductor sub- 
strate, a light diffraction member including a 
plurality of light diffraction devices formed 
therein by which said light generated from 
said plurality of light generating means Is dif- 
fracted and emitted, and by which the incident 
light is diffracted to illuminate said plurality of 
photo detecting means, respectively; and 

(C) adjusting intervals between said plurality 
of light diffraction devices and said plurality of 
light generating means, and intervals be- 
tween said plurality of light diffraction devices 
and said plurality of photo detecting means, 
by moving said light diffraction member, re- 
spectively. 

13. A met hod of manufacturing an optical Information 
reproducing apparatus according to claim 12, 
wherein said light generating means is formed by 
a heteroepitaxlal growth method. 

14. A met hod of manufacturing an optical information 
reproducing apparatus, said method comprising 
the steps of: 

(A) monolithically forming, on a semiconduc- 
tor substrate, a plurality of photo detecting 
means for outputting a signal corresponding 
to the intensity of light incident thereon; 

(B) providing, on said semiconductor sub- 
strate, a plurality of light generating means for 
generating light, said plurality of light generat- 
ing means is disposed adjacently to said plur- 
ality of photo detecting means respectively; 

(C) mounting, on said semiconductor sub- 
strate, a light diffraction member including a 
plurality of light diffraction devices formed 
therein by which said light generated from 
said plurality of light gen rating means are dif- 
fracted and emitted, and by which the incident 
light is diffracted to illuminate said plurality of 
photo detecting means, respectively; and 
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(D) adjusting intervals between said plurality 
of light diffraction devices and said plurality of 
light g n rating means, and intervals b - 
tween said plurality of light diffraction devices 
and said plurality of photo detecting means, 5 
by moving said light diffraction member, re- 
spectively. 

15. A light emitting and receiving unit (16) for an opt- 
ical information reproducing apparatus in which io 
light emitted by the unit is to be directed toward 
an optical recording medium, and light from said 
medium is to be received by said unit, wherein the 
unit includes a support base (10. 13), a semicon- 
ductor laser (1), photo detector means (7), said is 
laser and photo detector means being supported 
by said support base, and an optical element (3), 
fixedly mounted relative to said support base for 
directing the received light towards said photo de- 
tector means, characterised in that said support 20 
base comprises a substrate member (13) in which 
at least one of said semiconductor laser (1) and 
photo detector means (7) is integrally formed. 
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